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(57) An apparatus for setting a welding operation 
condition, enabling the simple setting of an operation 
and a welding condition even by a beginner, is dis- 
closed. The apparatus is provided with a welding infor- 
mation recording portion 12 for recording information 
concerning a welding machine used in an arc welding 
and welding operation information concerning a welding 
operation such as shielding gas related information, 
welding wire related information or the like, welding 
information inputting and outputting means 1 1 for input- 
ting and outputting the welding operation information, 
welding operation information setting means 15 for set- 
ting the welding operation information, retrieving means 
13 for retrieving the corresponding information from 
among the information in the welding information 
recording portion 12 on the basis of the set information 
and information controlling means 14 for instructing a 



retrieval demand to the retrieving means 13 when 
retrieving the information in the information recording 
portion 12 and outputting the welding information. 
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Descripti n 

Background of the Invention 

Technical Field 

The present invention relates to an apparatus for 
automatically setting a welding condition used for an arc 
welding. 

Background Art 

Recently, the performance of arc welding power 
sources used in arc weldings such as C0 2 weldings, 
MAG weldings or the like have made rapid progress, so 
that welding conditions can be easily set in comparison 
with the prior art, thereby improving welding quality as 
well. However, since a welding phenomenon is a non- 
linear phenomenon of a multi-input and multi-output 
system, and is largely influenced by disturbances, the 
phenomenon is not entirely clear. So, the improvement 
in the performance of the welding power source is use- 
ful for controlling a wave form of a welding current, a 
welding voltage or the tike within a certain micro-time 
and for stably maintaining an arc between electrodes. 
Thus, currently it is inevitable that the welding condi- 
tions be set by relying on the experience of the operator. 

As a technique of automatically setting welding 
conditions, there is a method described in Japanese 
Patent Unexamined Publication No. 59-159272, in 
which a welding condition is easily obtained by using a 
simple relational expression. 

Further, there is a method described in Japanese 
Patent Examined Publication No. 7-47209, which com- 
pris s the steps of storing a plurality of welding param- 
eters, determining the other welding parameters one by 
one in accordance with a plurality of production rules 
and determining a welding condition for one welding 
path by repeating the above steps. There is also a 
method described in Japanese Patent Unexamined 
Publication No. 5-57436, which comprises the steps of 
storing into a data base a welding condition correspond- 
ing to a set condition, searching the data base for a 
welding condition coinciding with an inputted set condi- 
tion, estimating a welding condition by using a welding 
condition data estimating portion constituted by a neu- 
tral network when the welding condition is not present in 
the data base and, if the welding result is good, register- 
ing all the welding conditions in that case into the data 
base. 

There are rarely enough welding operators in a 
welding site, so there are many enterprises which pro- 
mote automated and robotized welding. This is because 
a welding operator with a superior wielding technique is 
usually of an advanced age, and a tot of labor and time 
are required for a new welding operator to master a 
welding technique. However, in the case of simply pro- 
moting the automation and robotization of welding, 



since the work required of the operator increases due to 
a problems in handling the new apparatus and difficul- 
ties in setting the welding conditions, a lot of labor and 
time are required for the operator to master handling of 

5 the apparatus and techniques of determining welding 
conditions, and operation efficiency is lowered. In order 
to solve the above problem, it is necessary for an oper- 
ation to be easily set, for a welding condition of a weld- 
ing becoming an object to be easily set even by a 

10 beginner, and for collected welding information to be 
easily stored as absolute information. 

However, in the conventional art, as described in 
Japanese Patent Unexamined Publication No. 59- 
159272, there is a method in which a welding condition 

is is set by using a simple relational expression between a 
welding cross sectional area, a welding current and a 
welding speed. However a non -linear complex welding 
phenomenon of a multi-input and multi-output system 
can not be expressed only by the relational expression 

20 between a welding cross sectional area, a welding cur- 
rent and a welding speed (the welding cross sectional 
area can not be uniformly determined by the influence 
of scattered spatter and by the attitude of the work 
object), so that a highly reliable welding can not be 

25 obtained. Further, as described in Japanese Patent 
Examined Publication No. 7-47209, in order to set a 
welding condition, it is necessary to search many times 
for a parameter from the storing portion by using the 
production rule on the basis of the correlational condi- 

30 tion between a multiplicity of stored welding parameters 
and a parameter till the welding conditions become all 
complete, thereby setting a welding condition. Since the 
correlation between the welding parameters and the 
parameter can be independently stored, it is possible to 

35 store each as a knowledge having high Independence. 
However, a condition in a process for determining the 
welding condition is changed since the correlation 
between the welding parameters and/or the parameter 
is corrected and canceled, so that there is a problem in 

40 that the resulting welding condition becomes informa- 
tion having no reproducibility. Still further, as described 
in Japanese Patent Unexamined Publication No. 5- 
57436, since only the welding condition corresponding 
to the set condition is stored in the data base, there 

45 have been problems in that it is not known what results 
can be obtained if a welding is performed under the 
retrieved welding condition. If the corresponding weld- 
ing condition is not registered in the data base, since the 
data estimating portion estimates the welding condition 

so and, if the welded result is good, the welding condition 
capable of coping only by the welding condition data 
estimating portion irrespective of whether or not the 
welding condition is changed is recorded into the data 
base, and prolix data are contained in the data base, so 

55 that there has been a problem in that useless date is 
generated and the retrieving speed is lowered. 
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Disclosure of Invention 

A first problem to be solved by the present invention 
is how to provide a method of and apparatus for setting 
a welding operation condition, which can be easily used 
to set a welding condition for a work setting and for a 
welding object even by a beginner. 

A second problem to be solved by the invention is 
how to provide an apparatus for automatically setting a 
welding condition, which can be easily used to set a 
welding condition for a work setting and a welding 
object even by a beginner, can easily store a series of 
collected welding information as absolute information 
and which can easily retrieve the accumulated informa- 
tion. 

A third problem to be solved by the invention is how 
to provide an apparatus for automatically setting a weld- 
ing condition which can further retrieve the accumulated 
information within a short period of time. 

A fourth problem to be solved by the invention is 
how to provide a method of setting a welding condition 
which can be easily set and can obtain a high weld qual- 
ity. 

Conventionally, in order to obtain a desired bead 
shape and penetration shape, a welding condition such 
as a welding current, a welding voltage, a welding 
speed, a welding torch target position, a welding torch 
target angle or the like has been determined on the 
basis of the experience accumulated by a skilled engi- 
neer in arc welding over a long period of time. 

However, in the conventional art, in order to set a 
welding condition which can obtain a desired bead 
shape and penetration shape, it is necessary for a weld- 
ing engineer to accumulate experience over a very long 
period of time and, further, it has been difficult to pass 
on that experience. Additionally, when a beginner wants 
to effectively widen the bead width, it is no a simple task 
even to determine, among the welding conditions, what 
condition is changed in what manner. 

A fifth problem to be solved by the invention is how 
to provide an apparatus which can simply adjust a weld- 
ing condition to obtain a desired bead by any operator. 

The conventional apparatus for displaying a weld- 
ing state is adapted in a manner as shown in Fig. 1 . In 
the drawing, reference numeral 41 denotes a welding 
state displaying portion, reference numeral 42 denotes 
a volt meter and reference numeral 43 denotes an 
ampere meter. Conventionally, in order to obtain a 
desired bead shape, a skilled arc welding engineer 
determines a welding current and a welding speed on 
the basis of long experience, while observing the 
welded result and an ampere meter in the arc welding 
machine. 

However, in order to make it possible to estimate 
the welded result from the current value as in the con- 
ventional manner, it is necessary to determine things on 
the basis of long experience and time, so that a high 
cost has been required. Further, when a less experi- 



enced operator is going to perform an arc welding, he 
may not understand what condition should be set in 
what manner in order to obtain a desired bead, so that 
a long period of time is required to obtain a desired 
5 bead. 

A sixth problem to be solved by the invention is how 
to provide a method of and apparatus for displaying a 
welded state in which an operator can easily set a size 
of a bead by displaying a molten wire amount or a dep- 

w osition amount in place of a welding current for display- 
ing a welded state, irrespective of the length of 
experience in arc welding. 

A first means, for solving the first problem men- 
tioned above, is an apparatus for automatically setting a 

75 welding condition comprising a welding information 
recording portion for recording welding operation infor- 
mation such as welding machine related information 
used in an arc welding, shielding gas related informa- 
tion, welding wire related information or the like, welding 

20 information inputting and outputting means for inputting 
and outputting the welding operation information, weld- 
ing operation information setting means for setting the 
welding operation information, retrieving means for 
retrieving corresponding information from among the 

25 information in the welding information recording portion 
on the basis of set information, and information control- 
ling means for instructing a retrieval demand to the 
retrieving means when retrieving the information form 
the welding information recording portion and outputting 

30 welding information. 

According to the first means mentioned above, 
since the welding operation information is set by the 
welding information inputting and outputting means in 
accordance with the welding operation condition setting 

35 procedure and/or setting rule previously determined by 
using the welding information setting means and the 
welding object information setting means, the informa- 
tion of the apparatus, the material or the like, can be 
simply set even by a beginner. Thus, the time and a 

40 labor for constructing a welding system can be greatly 
reduced. Further, since the welding operation informa- 
tion can be simply added / changed, new information or 
the like can be added, and it becomes possible to sup- 
port the construction of a useful welding system. 

45 A second means, for solving the second problem 
mentioned above, is an apparatus for automatically set- 
ting a welding condition comprising a welding informa- 
tion recording portion for recording a welding operation 
information such as a welding machine used for welding 

so in automating an arc welding or the like, welding object 
information which shows what kind of object is to be 
welded, a welding condition to be set when welding with 
respect to the welding operation information and the 
welding object information, and a welded result when a 

55 welding is performed by the welding condition, as a 
series of information, welding information inputting and 
outputting means for inputting and outputting the weld- 
ing operation information, the welding object informa- 
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tion, the welding condition and the welded result, 
welding operation information setting means for setting 
the welding operation information, welding object infor- 
mation setting means for setting the welding object 
information, retrieving means for retrieving the corre- 
sponding information from among the information in the 
welding information recording portion on the basis of a 
set information, result outputting means for outputting 
the welding information from the welding information 
recording portion, information controlling means for 
sending a retrieval demand to the retrieving means 
when retrieving the information in the welding informa- 
tion recording portion and outputting welding informa- 
tion, instruction information converting means for 
converting the welding information outputted by the 
result outputting means into instruction information for a 
robot and/or a welding machine, welding information 
changing means for performing a welding on the basis 
of welding information converted into the instruction 
information for the robot and/or the welding machine, 
automatically or manually changing the welding infor- 
mation when the result does not satisfy a welded quality 
judging criterion, and changing welding information until 
the welded result becomes satisfactory, and recording 
and storing means for recording and storing only 
changed welding information among the welding infor- 
mation in which the welded result is satisfactory, into the 
welding information recording portion. 

According to the second means mentioned above, 
since the welding operation information and the welding 
object information are set by the welding information 
inputting and outputting means in accordance with the 
welding operation condition setting procedure and/or 
setting rule previously determined by using the welding 
information setting means and the welding object infor- 
mation setting means, the information of the apparatus, 
the welding object work or the like can be simply set 
even by a beginner, and since the welding condition is 
automatically determined by means of retrieving the 
welding information previously recorded in the welding 
information recording portion by the retrieving means, a 
good welded result can be obtained even by a beginner 
who has never performed a welding, simply by perform- 
ing a simple operation. Further, if that the welded result 
is determined to be inappropriate by the result deter- 
mining portion, the welding condition can be changed in 
accordance with the preferences of the user, and the 
changed absolute information and the absolute result 
can be recorded into the welding information recording 
portion, so that substantially the same result as with the 
recorded information can be obtained with very high 
accuracy by retrieving the same conditions the next 
time, and a welding condition which is optimal for the 
user can be achieved by repeating this operation. 

Accordingly, special knowledge and experience 
concerning welding is not required for the operator, and 
optimal welding information can be easily accumulated. 

The third means, for solving the third problem men- 



tioned above, is an apparatus for automatically setting a 
welding condition comprising a welding information 
recording portion for recording welding operation infor- 
mation such as a welding machine used for welding in 

5 automating arc welding or the like, welding object infor- 
mation which shows what the object to be welded is, a 
welding condition to be set when welding with respect to 
the welding operation information and the welding 
object information, and a welded result when a welding 

to is performed under the welding condition, as a series of 
information, welding information inputting and output- 
ting means for inputting and outputting the welding 
operation information, the welding object information, 
the welding condition and the welded result, welding 

15 operation information setting means for setting the 
welding operation information, welding object informa- 
tion setting means for setting the welding object infor- 
mation, retrieving means for retrieving a corresponding 
information from among the information in the welding 

20 information recording portion on the basis of set infor- 
mation, welding information calculation means consti- 
tuted on the basis of an experimental expression if the 
corresponding information is not present in the welding 
information recording portion, a welding information cal- 

25 culation processing portion for calculating the welding 
information by using the welding information calculation 
means, result outputting means for outputting the weld- 
ing information from the welding information recording 
portion or the welding information calculation process- 

30 ing portion, information controlling means for sending a 
retrieval demand to the retrieving means when retriev- 
ing the information form the welding information record- 
ing portion and, if the welding information is not present 
in the welding information recording portion, judging the 

35 feet that the welding information is absent, thereby 
sending a calculation demand to the welding informa- 
tion calculation processing portion and outputting the 
welding information, instruction information converting 
means for converting the welding information outputted 

40 by the result outputting means into instruction informa- 
tion for a robot and/or a welding machine, welding infor- 
mation changing means for performing a welding on the 
basis of welding information converted into the instruc- 
tion information for the robot and/or the welding 

45 machine, automatically or manually changing the weld- 
ing information when the result does not satisfy a 
welded quality judging criterion and changing welding 
information until the welded result becomes satisfactory, 
and recording and storing means for recording and stor- 

50 ing only changed welding information from among the 
welding information in which the welded result is satis- 
factory into the welding information recording portion. 

According to this third means, even when the infor- 
mation is not recorded, the calculated value is outputted 

55 in the welding information calculation processing por- 
tion, so that the setting time for setting the welding con- 
dition can be shortened. 

A fourth means, for solving the fourth problem men- 
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tioned above, is a method of setting a welding condition 
by calculating the welding condition in an arc welding 
comprising the steps of setting a welding machine char- 
acteristic parameter and/or a welding machine charac- 
teristic expression, setting a welding cross sectional 
area, setting a correction value determined by ach of 
the elements in a welding, setting a thrown metal 
amount from some of the welding elements and the 
welding machine characteristic parameter and/or the 
welding machine characteristic expression, setting a 
deposited metal amount from some of the welding ele- 
ments, and calculating a welding condition by means of 
supposing that a value obtained by multiplying the 
deposited metal amount by the correction value and the 
thrown metal amount have the relation of an equality. 

In this fourth means, a welding speed is adjusted in 
such a manner that the obtained welding condition 
becomes within an allowable range of the welding cur- 
rent or/and an allowable range of the heat input, the 
welding machine characteristic parameter and/or the 
welding machine characteristic expression are set by 
supposing that the relation among the welding current, 
the welding wire melting speed and the welding voltage 
is the parameter and/or the characteristic expression, 
the welding cross sectional area is determined by a 
welding element such as a joint shape, a thickness of a 
base metal or the like, the correction value is deter- 
mined by a welding element such as a joint shape, a 
thickness of a base metal, a material of a base metal, an 
attitude of a work, a gap amount of a work, a material of 
a welding wire or the like and a welding demand ele- 
ment such as a bead width, a penetration depth, an 
amount of an reinforcement, a leg length or the like, the 
thrown metal amount is determined by the welding cur- 
rent, a welding wire melting speed, a diameter of a 
welding wire or the like, and the deposited metal 
amount is determined by the welding cross sectional 
area and the welding speed. 

A fifth means, for solving the fifth problem men- 
tioned above, is an apparatus for adjusting a welding 
condition in which at least one of the welding conditions 
such as "a welding current", "a welding voltage", "a 
welding speed", "a target position of a welding torch" 
and "a target angle of a welding torch" is automatically 
adjusted by adjusting at least one of the welded results 
such as a bead shape (for example, "a size", "a leg 
length", "a bead width" and "reinforcement") or/and a 
penetration shape (for example, "a penetration depth" 
and "a throat"), and a setting means for setting the bead 
shape or/and the penetration shape uses a numerical 
value and a meter, or a graphical user interface (GUI) 
with figure(s) graphically showing a joint shape or/and a 
bead shape. 

According to the fifth means mentioned above, 
since the welding condition can be automatically 
adjusted by adjusting at least one of the welded results 
such as a bead shape or/and a penetration shap , it is 
not necessary for the user to consider what condition 



among the welding conditions should be adjusted in 
order to obtain a desired welded result, so that even a 
beginner can simply set the welding condition. Further, 
since the numerical value and the meter, or the GUI with 

5 f igure(s) graphically showing the joint shape or/and the 
bead shape are used for the setting means for setting 
the bead shape or/and the penetration shape, an 
adjustment of a desired welded result becomes intuitive 
and very understandable. 

w A sixth means, for solving the sixth problem men- 
tioned above, is an apparatus for displaying a welding 
state in which in a consumable electrode arc welding in 
a welding state is displayed as a molten amount of a 
welding wire or a deposited amount to a base metal, an 

15 analogue/digital meter or a graphic is used in a display- 
ing portion thereof, a fixed parameter storing portion for 
storing a plurality of predetermined fixed parameters for 
determining the molten welding wire amount or the 
deposited amount, an inputting portion for inputting a 

20 plurality of variable parameters set when welding, a 
temporary storing portion for temporarily storing the 
inputted variable parameter, a computing portion for 
computing a molten welding wire amount or a deposited 
amount on the basis of the information of the fixed 

25 parameter storing portion and the temporary storing 
portion, an information converting portion for converting 
the information computed by the computing portion and 
the converted information are displayed on the display- 
ing portion, the fixed parameter storing portion stores a 

30 relational expression for determining a molten welding 
wire amount or a deposited amount to a base metal and 
coefficients of the relational expression, the inputting 
portion is constituted by at least one of a switch, a 
numeric value, an electric/electronic signal, a graphical 

35 user interface (GUI), and the inputting portion inputs 
only a welding current or at least one of a wire diameter, 
a wire extension and a welding speed, and a welding 
current, the computing portion computes by substituting 
the coefficients of the stored relational expression and 

40 the information stored in the temporary storing portion 
for the relational expression determining the molten 
welding wire amount or the deposited amount, which is 
stored in the fixed parameter storing portion, and the 
information converting portion converts the information 

45 computed by the computing portion into a numerical 
value and an /electronic signal. 

According to the sixth means mentioned above, 
since the molten wire amount or the deposited amount 
to the base metal is displayed for displaying the welding 

so state in place of the welding current, the operator can 
easily set the size of the bead irrespective of experience 
in arc welding. 

Brief Description of Drawings 

55 

Fig. 1 is a front elevational view which shows a 
welding state displaying portion in the conventional 
art; 



5 
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Fig. 2 is a schematic view which shows the total 
structure of an apparatus realizing the invention; 
Fig. 3 is a block diagram which shows the flow of an 
information in a first embodiment of the invention; 
Fig. 4 is a flow chart which shows an example of a 
process in a welding operation information setting 
means; 

Fig. 5 is a block diagram which shows the flow of 
information in a second embodiment of the inven- 
tion; 

Fig. 6 is an explanatory view which shows the set- 
ting from welding information in welding information 
inputting and outputting means; 
Fig. 7 is a flow chart which shows an example of a 
process in the welding object information setting 
means; 

Fig. 8 is a flow chart which exemplifies the total flow 
of a second embodiment; 

Fig. 9 is a reference view of a bonding angle of base 
metals; 

Fig. 10 is a reference view of a radius of bent base 
metal; 

Fig. 1 1 is a block diagram which shows the flow of 
information in a third embodiment of the invention; 
Fig. 12 is a flow chart which exemplifies the total 
flow of the third embodiment; 
Fig. 13 is a flow chart which shows the total flow in 
accordance with a fourth embodiment of the inven- 
tion; 

Fig. 14 is a flow chart which shows a method of 
obtaining a correction value a; 
Fig. 15 is a flow chart which shows a method of 
adjusting welding speed; 

Fig. 16 is a conceptions view which shows a fifth 
embodiment of the invention; 
Fig. 17 is a view which shows an example of a 
graphical user interface in the fifth embodiment of 
the invention; 

Fig. 18 is a chart which explains an operation in the 
fifth embodiment of the invention; 
Fig. 19 is a view which shows the computing proc- 
ess flow of an apparatus in the fifth embodiment of 
the invention; 

Fig. 20 is a schematic view which shows a welding 
state displaying portion in a sixth embodiment of 
the invention; 

Fig. 21 is a block diagram which shows an appara- 
tus for displaying a welding state in the sixth 
embodiment of the invention; and 
Fig. 22 is a flow chart which shows a method of dis- 
playing a welding state in the sixth embodiment of 
the invention. 

Best Mode Carrying Out the Invention 

A first embodiment of the invention will be 
described below with reference to the attached draw- 
ings. 



Fig. 2 is a schematic view which shows the total 
structure of an apparatus realizing the first embodiment 
of the invention. Reference numeral 1 denotes a robot 
controller which controls a robot mechanism portion 2 

5 and an arc welding machine 7. The robot controller 1 
and the robot mechanism portion 2 are connected to 
each other by a motor driving cable, a cable for feeding 
back rotating information from an encoder provided in 
the motor to the robot controller 1, and the like. A six- 

10 axis vertical multi-joint manipulator is used for the robot 
mechanism portion 2. Reference numeral 3 denotes a 
teaching pendant which teaches an operation to the 
robot and displays various states of the robot and the 
like, and which has a wide screen and can display a 

15 multiplicity of colors. Reference numeral 4 denotes a 
welding torch in which there is provided a hole through 
which a welding wire supplied to a welding wire packag- 
ing portion 10 by a wire feeding apparatus 9 can 
smoothly pass and a passage for a shielding gas sup- 

20 plied from a shielding gas bomb 8, and a shielding gas 
is discharged from a front end portion of the welding 
torch 4. Further, a copper electric power supplying tip 
for supplying welding electric power to a welding wire is 
attached to the front end portion of the welding torch 4. 

25 Reference numeral 5 denotes the work to be welded, 
and a fixing jig 6 for fixing the work to be welded can 
change the attitude of the work 5 to be welded. 

Fig. 3 is a block diagram which shows the flow of 
information in this embodiment. Reference numeral 1 1 

30 denotes welding information inputting and outputting 
means which displays or inputs information with the 
teaching pendant 3 shown in Fig. 2. Reference numeral 
12 denotes a welding information recording portion in 
which welding machine related information used in an 

35 arc welding and information concerning a welding oper- 
ation such as shielding gas related information, a weld- 
ing wire related information or the like are recorded. 
Reference numeral 13 denotes information retrieving 
means for retrieving information coinciding with informa- 

40 tion designated from among the information in the weld- 
ing information recording portion. 

Reference numeral 1 4 denotes information control- 
ling means which designates the retrieved information 
and retrieves the welding operation information in the 

45 welding information recording portion 12 by using the 
retrieving means 13 so as to give the information to 
welding operation information setting means 15, and 
commands the searching means 13 to retrieve the weld- 
ing information designated in the welding operation 

so information setting means 15 from among the welding 
information in the welding information recording portion 
12 by using the retrieving means 13. Reference numeral 
15 denotes welding operation information setting 
means which corresponds to a portion for setting infor- 

55 mation concerning a welding machine, a shielding gas, 
a welding wire or the like, which is not frequently 
changed when setting a welding environment, and it 
outputs to the welding information inputting and output- 
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ting means 1 1 from the welding operation information in 
the welding information recording portion 12 through 
the information controlling means 14 and the retrieving 
means 13, so that necessary information is selected 
from the welding information inputting and outputting 
means 11 so as to set the welding operation informa- 
tion. 

Fig. 4 is a flow chart which shows an example of the 
welding operation information setting means, and it cor- 
responds to a flow of information in the welding informa- 
tion inputting and outputting means 11, the welding 
operation information setting means 15, the information 
controlling means 14, the retrieving means 13 and the 
welding information recording portion 12 shown in Fig. 
3. An example of a method of setting the welding oper- 
ation information will be described below with reference 
to Fig. 4. 

In Step 1 1 , individual data concerning a material of 
base metal previously recorded is displayed on the 
welding information inputting and outputting means 1 1 
from the welding information recording portion 12, and 
the material of base metal is set by commanding the 
operator to select or input. 

Here, "mild steel: SAPH400" is temporarily set. 

In Step 12, among the welding rule information 
recorded in the welding information recording portion 
12, only the shielding gas information applicable to the 
material of the base metal set in Step 1 1 is displayed on 
the welding information inputting and outputting means 
in accordance with the rule information of the relation 
between a material of base metal and a shielding gas, 
and the shielding gas is set by commanding the opera- 
tor to select. Here, "MAG" is temporarily set. 

In Step 13, among the welding rule information 
recorded in the welding information recording portion 
12, only the welding wire information applicable to the 
shielding gas set in Step 12 is displayed on the welding 
information inputting and outputting means 11 in 
accordance with the rule information of the relation 
between a shielding gas and a welding wire, and a 
welding wire is set by commanding the operator to 
select. The rule for setting the welding wire may make 
use of the relation between the material of base metal, 
the shielding gas and the welding wire, and here, "solid: 
YGW1 7 " is temporarily set. 

In Step 14, among the welding rule information 
recorded in the welding information recording portion 
12, only the information concerning a kind of a welding 
machine applicable to the shielding gas set in Step 12 is 
displayed on the welding information inputting and out- 
putting means 1 1 in accordance with the rule of the rela- 
tion between shielding gas and a kind of a welding 
machine, and the kind of a welding machine is set by 
commanding the operator to select. Here, "MAG/C0 2 
welding machine " is temporarily set. 

In Step 15, among the welding rule information 
recorded in the welding information recording portion 
12, the information concerning the range of thickness of 



a base metal is displayed on the welding information 
inputting and outputting means 11, and the range of 
thickness of the base metal is set by commanding the 
operator to select. Here, "1 .6 mm =i t < 3.2 mm" is tem- 

5 porarily set. 

In Step 16, among the welding rule information 
recorded in the welding information recording portion 
12, the capacity of a welding machine applied to the 
range of thickness of a base metal set in Step 1 5 is 

10 automatically set in accordance with the rule informa- 
tion of the relation between the thickness of a base 
metal and the capacity of a welding machine. Here, is 
tentatively and '350 A class welding machine" automat- 
ically set. 

is In Step 17, among the welding rule information 
recorded in the welding information recording portion 
12, individual data concerning the welding machine cor- 
responding to the kind of welding machine and the 
capacity of the welding machine set in Step 1 4 and Step 

20 1 6 is displayed on the welding information inputting and 
outputting means 1 1 in accordance with the rule of the 
kind of welding machine and capacity of a welding 
machine, and a welding machine is set by commanding 
the operator to select. Here, "A Company's AA350 for 

25 MAG/C0 2 welding " is temporarily set. 

In Step 18, among the welding rule information 
recorded in the welding information recording portion 
12, individual data concerning a diameter of a welding 
wire corresponding to the welding machine set in the 

30 Step 17 is displayed on the welding information input- 
ting and outputting means 1 1 in accordance with the 
rule information of a welding machine and a diameter of 
a welding wire, and a diameter of a welding wire is set 
by demanding the operator to select. Here, "0 1 .2 mm" 

35 is temporarily set. 

A welding system capable of performing a welding 
is constructed by dialogically setting a welding appara- 
tus, a material or the like in accordance with the Step 1 1 
to the Step 18 mentioned above. 

40 Next, a second embodiment of the invention will be 
described below with reference to Fig. 5. 

Fig. 5 is a block diagram which shows the flow of 
information in this embodiment. Reference numeral 1 1 
denotes welding information inputting and outputting 

45 means which displays or inputs an information by the 
teaching pendant 3 shown in Fig. 2. Reference numeral 
12 denotes a welding information recording portion in 
which information concerning a welding machine used 
in an arc welding and a welding operation such as a 

so shielding gas, a welding wire or the like, information 
concerning a joint shape to be welded and a welding 
object such as a thickness of a base metal, a material of 
a base metal, an attitude of a welding object, and infor- 
mation concerning a welding condition such as a weld- 

55 ing current, a welding voltage, a welding speed, a 
welding attitude or the like and a welded result such as 
a bead width, a penetration depth, a leg length, rein- 
forcement or the like obtained when a welding is per- 
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formed under the above welding conditions are 
recorded together with welding operation information 
and welding object information as a series of welding 
information. Reference numeral 13 denotes information 
retrieving means for retrieving information coinciding 
with or similar to an information designated from among 
the information in the welding information recording por- 
tion. 

Reference numeral 14 denotes information control- 
ling means which designates the retrieving information 
and retrieves the welding operation information and the 
welding object information in the welding information 
recording portion 12 by using the retrieving means 13 
so as to give the information to welding operation infor- 
mation setting means 15 and welding object information 
setting means 16, commands the searching means 13 
to retrieve the welding information designated in the 
welding operation information setting means 15 and the 
welding object information setting means 16 from 
among the welding information in the welding informa- 
tion recording portion 12 by using the retrieving means 
13, and outputs a welding condition and a welded 
(expected) result to result outputting means 17. 

Reference numeral 15 denotes welding operation 
information setting means which corresponds to a por- 
tion for setting information concerning a welding 
machine, a shielding gas, a welding wire or the like, 
which is not frequently changed when setting a welding 
environment, and it outputs to the welding information 
inputting and outputting means 11 from the welding 
operation information in the welding information record- 
ing portion 1 2 through the information controlling means 
14 and the retrieving means 13, so that the necessary 
information is selected from the welding information 
inputting and outputting means 1 1 so as to set the weld- 
ing operation information. The process of the welding 
operation information setting means is the same as the 
flow in the first embodiment shown in Fig. 4, so an 
explanation thereof will be omitted. 

Reference numeral 1 6 denotes welding object infor- 
mation setting means which corresponds to a portion for 
setting information concerning a kind and a state of a 
work to be welded or the like, which is frequently 
changed, and it outputs to the welding information input- 
ting and outputting means 1 1 from the welding object 
information in the welding information recording portion 
1 2 through the information controlling means 1 4 and the 
retrieving means 13, so that the necessary information 
is selected from the welding information inputting and 
outputting means 11 so as to set the welding object 
information. Reference numeral 1 7 denotes result out- 
putting means for outputting a retrieved result such as a 
welding condition and the like or a calculated result, and 
it gives information to the welding information inputting 
and outputting means 11 and instruction information 
converting means 18. The instruction information con- 
verting means 18 converts information obtained from a 
result outputting means into an instruction information 



to a robot. 

Reference numeral 19 denotes a robot (a robot 
controller) which performs a welding 20 on the basis of 
the instruction information converted for the robot by the 
5 instruction information converting means 18. 

A result judging portion 21 evaluates the welded 
quality in a welding process or after a welding on the 
basis of a predetermined welded quality judging stand- 
ard. 

10 Reference numeral 22 denotes welding information 
changing means which changes the welding informa- 
tion by using the welding information inputting and out- 
putting means 1 1 when a satisfactory evaluation is not 
obtained in the result judging portion 21, and repeats a 

15 welding and a change in welding information until a sat- 
isfactory evaluation is obtained in the welding judging 
pdrtion21. 

Reference numeral 23 denotes changed recording 
and storing means for recording and storing only the 
20 welding information changed in the welding information 
changing means 22 to the welding information record- 
ing portion. 

The welding information inputting and outputting 
means 1 1 has, as shown in Fig. 6, three modes com- 
25 prising a full automatic mode, a speed setting mode and 
a detail setting mode as a mode for setting a welding 
information. 

In the full automatic mode, only basic welding 
object information other than the information previously 

30 set by the welding operation information setting means 
15 is set. Here, in order to make it simple, only a joint 
shape, a thickness of a base metal, a material of a base 
metal and a gap are included. A welding speed is deter- 
mined from relational information between a joint 

35 shape, a material of a base metal and a welding speed, 
which are stored in the welding information recording 
portion, on the basis of the joint shape and the thick- 
ness of the base metal among the basic information. 
The speed setting mode is adapted in such a man- 

40 ner that the operator can determine a welding speed 
automatically in the full automatic mode. This can also 
be made in such a manner that after the welding speed 
is first determined in the full automatic mode, the mode 
is switched to the speed setting mode, thereby changing 

45 the welding speed. 

The detail setting mode is a mode which is used 
when a change mainly concerning a detail of a welding 
method and a welding process, such as when a change 
of a welding machine and a shielding gas is necessary, 

so and it sets the detail in accordance with the welding 
process condition setting means. 

Rg. 7 is a flow chart which shows an example of the 
welding object information setting means 16, and it cor- 
responds to the flow of an information in the welding 

55 information inputting and outputting means 11, the 
welding object information setting means 16, the infor- 
mation controlling means 14, the retrieving means 13 
and the welding information recording portion 12, which 
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are shown in Fig. 5. An example of a method of setting 
the welding object information will be described below 
with reference to Fig. 7. 

In Step 21 , if the material of the base metal set in 
Step 1 1 shown in Fig. 4 is changed, the flow is returned 
to Step 11 in the welding process information setting 
means 15, in which the welding process information is 
reset on the basis of the welding process information 
setting means. When the material of the base metal is 
not changed, the flow goes to the next step. Here, it is 
temporarily considered that the material of the base 
metal is not changed. 

In Step 22, among the individual welding informa- 
tion recorded in the welding information recording por- 
tion 12, information concerning a thickness of a base 
metal is displayed on the welding information inputting 
and outputting means 1 1 and the thickness of a base 
metal is set by commanding the operator to select. 

Here, "1.6 mm" is temporarily set. 

In Step 23, when the thickness of the base metal 
set in Step 22 is out of the range of the thickness of the 
base metal set in Step 15, the flow is returned to Step 
15 in the welding process information setting means 15, 
and when the thickness of the base metal is within the 
range of the thickness of the base metal set in Step 1 5, 
the flow goes to the next step. Here, it is temporarily 
considered that the thickness of the base metal is within 
the range of the thickness of the base metal set in Step 
15. 

In Step 24, among the individual welding informa- 
tion recorded in the welding information recording por- 
tion 12, information concerning the joint shape is 
displayed on the welding information inputting and out- 
putting means 1 1 and the thickness of a base metal is 
set by commanding the operator to select. Here, "lap 
joint" is temporarily set. 

In Step 25, the amount of a gap between the base 
metals is set by commanding the operator to input the 
amount of the gap between the base metals. Here, "0.0 
mm" is temporarily set. 

In Step 26, a bonding angle of base metals (refer to 
Fig. 9) is set by commanding the operator to input the 
bonding angle of base metals in accordance with the 
joint shape. Here, since "lap joint" is set in the Step 24, 
it is not necessary to input. 

In Step 27, a radius of bent base metal (refer to Fig. 
10) is set by commanding the operator to input the 
radius of bent base metal in accordance with the joint 
shape. Here, since "lap joint" is set, it is not necessary 
to input. 

In Step 28, if the operator designates the desired 
welding speed, the welding speed will be set to be that 
designated welding speed, but rf the welding speed is 
not designated, the welding speed becomes a default 
value. 

Fig. 8 is a flow chart which exemplifies the total flow 
in this embodiment, and the detail will be described with 
reference to this drawing. 



In Step 31 , welding process information is set by a 
method as shown in the above example of setting the 
welding process information. 

In Step 32, welding object information is set by a 
s method as shown in the above example of setting the 
welding object information. 

In Step 33, welding information coinciding with the 
above retrieving information is retrieved by the welding 
information recording portion 12 on the basis of a series 
10 of retrieving information comprising the above welding 
process information and the above welding object infor- 
mation. 

In Step 34, it is declared that the welding informa- 
tion is not changed. For example, a welding information 

15 changing flag (Flag) is set to 0. 

In Step 35, a welding is performed on the basis of 
the welding condition set by the result information in the 
above welding information retrieval. 

In Step 36, as a result of the above welding, when 

20 the welded quality judging criterion is satisfied, the flow 
goes to Step 38, and when the welded quality judging 
criterion is not satisfied, the flow goes to Step 37. 

In Step 37, the above setting of the welding infor- 
mation is changed in accordance with the welding infor- 
ms mation changing means 22, and it is declared that the 
welding information is changed. For example, the weld- 
ing information changing flag is set to 1 and the flow 
goes to Step 35. 

In Step 38, whether or not the welding information 

30 has been changed is judged, and when the welding 
information has not been changed (here, in the case 
that the welding information changing Flag = 0), the set- 
ting of the welding information is completed, and when 
the welding information has been changed (here, in the 

35 case that the welding information changing Rag =1). 
the changed welding information is stored and recorded 
into the welding information recording portion 12. 

A third embodiment of the invention will be 
described below with reference to Fig. 1 1 . 

40 Fig. 1 1 is a block diagram which shows the flow of 
information in this embodiment. One point which differs 
from the second embodiment shown in Fig. 5 is that a 
welding information calculation processing portion 
(welding information calculation processing means) 24 

45 is added. The welding information calculation process- 
ing portion 24 is adapted in such a manner as to ana- 
lyze experimental data on the basis of a balance 
between a thrown metal amount caused by the melting 
of a welding wire and a deposited metal amount on to a 

so base metal from information concerning a welding 
machine and a welding operation such as a shielding 
gas, a welding wire or the like and information concern- 
ing a joint shape and a welding object such as thickness 
of a base metal, material of a base metal or the like, so 

55 as to correct by using the correction information and the 
limiting information previously recorded in the welding 
information recording portion 12, and to obtain by calcu- 
lation a welding condition and an expected result after 
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welding. 

Fig. 12 is a flow chart which exemplifies the total 
flow in this embodiment, and the details will be 
described below with reference to this drawing. 

In Step 41, welding process information is set by a 
method as shown in the above example of setting the 
welding process information in Fig. 4. 

In Step 42, welding object information is set by a 
method as shown in the above example of setting the 
welding object information in Fig. 7. 

In Step 43, welding information coinciding with the 
retrieving information is retrieved by the welding infor- 
mation recording portion 12 on the basis of a series of 
retrieving information comprising the above welding 
process information and the above welding object infor- 
mation. 

In Step 44, as a result of the above retrieval, when 
the relevant information is present in the welding infor- 
mation recording portion 12, the flow goes to Step 46, 
and when the relevant information is not present, in 
Step 45 the welding information is calculated by the 
welding information calculation processing portion 24. 

In Step 45, the welding information is calculated by 
the welding information calculation processing portion 
24. 

In Step 46, it is declared that the welding informa- 
tion is not changed. For example, the welding informa- 
tion changing flag (Flag) is set to 0. 

In Step 47, a welding is performed on the basis of 
the welding conditions set by the above welding infor- 
mation retrieving or the above welding information cal- 
culation. 

In Step 48, as a result of the above welding, when 
the welded quality judging criterion is satisfied, the flow 
goes to Step 50, and when the welded quality judging 
criterion is not satisfied, the flow goes to Step 49. 

In Step 49, the above setting of the welding infor- 
mation is changed in accordance with the welding infor- 
mation changing means 23, and it is declared that the 
welding information is changed. For example, the weld- 
ing information changing flag is set to 1 and the flow 
goes to Step 47. 

In Step 50, it is determined whether or not the weld- 
ing information is changed, and when the welding infor- 
mation is not changed (here, in the case that the 
welding information changing Flag = 0), the setting of 
the welding information is completed, and when the 
welding information is changed (here, in the case that 
the welding information changing Flag = 1), the 
changed welding information is stored and recorded 
into the welding information recording portion 12. 

As mentioned above, according to this embodi- 
ment, since the welding environment is set in accord- 
ance with the welding process information setting 
means for setting the apparatus, and the welding mate- 
rial or the like, the responsibility of the operator in 
selecting the welding apparatus having a complex mul- 
tiplicity of combinations can be largely reduced, and the 



time needed for setting the welding operation condition 
can be lessened. Further, since the welding process 
information setting means can also be easily renewed, 
fresh information can be obtained. Owing to this, an 

5 advantage is obtained in that even a welding beginner 
can construct an effective and useful welding system 
without special knowledge. 

Still further, since the welding information is previ- 
ously recorded as an absolute value, when the recorded 

10 welding condition is directly used, the reliability of the 
welding quality becomes significantly higher in compar- 
ison with the method of obtaining the welding conditions 
only by calculation and an experiential rules. Thus, 
when the information is not recorded, the calculated 

15 value is outputted in the welding information calculation 
processing portion, and even a beginner can set the 
welding conditions with a simple operation. Also, since 
the welding information can be changed, recorded and 
stored as absolute values in accordance with the prefer- 

20 ences of the operator, each time the operation is 
repeated the stored welding information becomes more 
reliable and suitable for the needs of the operator. At 
this time, since only the changed welding information is 
recorded, the welding information retrieval is performed 

25 within a short period of time. Further, since the welding 
environment is previously set by using the welding oper- 
ation information setting means for setting the appara- 
tus or the like which is not frequently changed, the 
number of settings which should be frequently changed 

30 is significantly reduced, making it easier on the opera- 
tor. Additionally, when setting the welding condition, 
since the welding condition is retrieved or calculated on 
the basis of the previously set welding operation infor- 
mation and the welding object information, the condition 

35 can be set by a single retrieval or calculation, so that the 
setting time for setting the welding condition can be 
shortened. 

Owing to these, an advantage is obtained in that 
even a welding beginner can obtain a welding condition 
40 of high reliability without special knowledge, and can 
use welding information suitable to the preferences of 
the operator. 

Among the embodiments of the fourth solving 
means in accordance with the invention, a simple exam- 
45 pie will be described below with reference to the draw- 
ing. Fig. 13 is a flow chart which shows the total flow in 
this embodiment. 

In Step 61 , a joint shape, a thickness of a base 
metal, a shielding gas, a welding machine, a welding 
so speed and a wire extension are set 

In Step 62, a welding wire melting speed and a 
welding voltage are set from the welding machine and 
the shielding gas set in the Step 61. For example, the 
welding wire melting speed v w and the welding voltage 
55 V are set in the following expressions. 

v w =a 1 + a 2 l + a 3 ll 2 > v = b 1 l + b 2 



10 

: <EP 0865858A1 J_> 



19 



EP0 865 858A1 



20 



(In which I is a welding current, I is a wire exten- 
sion and a 1t a 2 , 83, and b 2 are constant.) 

In Step 63, an amount (a volume) Qw per unit time 
during which the welding wire melts to becom a droplet 
is set by a diameter d of a welding wire and a welding 5 
wire melting speed v w set in the Step 61 and the Step 
62. 

Gw = v w 7t d 2 /4 

In Step 64, a welding cross sectional area is set 
by the joint shape and the thickness of the base metal 
set in Step 61 . For example, when the joint shape is set 
to a lap joint and the thickness of the base metal is set 
to t, S w = 71 1 2 /4 is obtained. 

In Step 65, a correction value a for correcting the 
deposited metal amount is set in order to secure the 
welded quality. 

In Step 66, a standard deposited metal amount Qs 
per a unit time is set by the welding speed v xs set in the 
Step 62 and the welding cross sectional area Sw set in 
the Step 64. 

Qs = SwV TS 

In Step 67, it is considered that a relation of equality 
is achieved between the thrown metal amount Qw per a 
unit time and the deposited metal amount Qs per a unit 
time which is corrected by the correction value a. 

Qw s a Qs 

in Step 68, a welding current I is obtained by the 
relational expression set in Step 61 to Step 67. 

In Step 69, a welding voltage V is obtained by the 
welding current I obtained in Step 68 and the relation 
between the welding current I and the welding voltage V, 
which is set in Step 62. 

In Step 70, whether or not the welding current 
obtained in Step 68 is within an allowable range of the 
welding current is checked. When the value is within the 
range, the flow is completed, and when the value is out 
of the range, the flow goes to Step 71 . 

In Step 71 , the welding speed v TS set in Step 61 is 
changed, the flow is returned again to Step 66 and the 
processes of Step 66 to Step 71 are repeated until the 
value becomes within the allowable range of the weld- 
ing current in Step 70. 

As mentioned above, the welding current, the weld- 
ing voltage and the welding speed which are optimal for 
the welding object can be set in order of Step 61 to Step 
71. 

Next, an example of a method of setting correction 
value a for securing a welded quality will be described 
below with reference to Fig. 14. 

In Step 81, a joint shape, a thickness of a base 
metal, an attitude of a work and a gap amount are set. 

In Step 82, a joint shape parameter k Jt a base metal 



thickness parameter k T , a work attitude parameter k F 
and a gap amount parameter kc are set and they are 
made a single parameter vector k. 

k = (kj, k T , kp k G ) 

In Step 83, the correction value a is obtained from 
the parameter vector k set in the Step 82 in as in the fol- 
lowing expression. 

a = f(k) 

As mentioned above, the correction value a for 
securing a welded quality is set as described in Step 81 
to Step 83. 

Further, Fig. 1 5 is an explanatory view which shows 
a detail of changing the welding speed in Step 71 shown 
in Fig. 13. 

In Step 91 , when the calculated value I of the weld- 
ing current which become out of the allowable range in 
the Step 70 shown in Fig. 13 is less than the minimum 
value of the welding current, the flow goes to Step 92, 
and otherwise (Imax < I), the flow goes to Step 93. 

In Step 92, since it is judged in Step 91 that the 
welding current is lower than the allowable range, there 
is a risk that a lack of penetration and a lack of leg 
length are generated, and further, since tact time can be 
shortened, the welding speed is increased by Av TS 

In Step 93, since it is judged in Step 91 that the 
welding current is higher than the allowable range, there 
is a risk that a defect such as an undercut and a burn 
through may be generated, so that the welding speed is 
reduced by Av TS . 

As mentioned above, the welding speed is adjusted 
as described in Step 91 to Step 93. 

As mentioned above, according to this embodi- 
ment, by using a combination of the welding machine 
characteristic for every welding machine and the weld- 
ing parameter which is individually set for every factor of 
welding it is possible to flexibly correspond to changes 
in the welding object and, further, by previously prepar- 
ing the welding machine characteristics and the welding 
parameter, even a beginner in welding can easily set the 
welding condition. Further, since the welding cross sec- 
tional area is optimally corrected by the correcting value 
obtained from the welding parameter so as to obtain the 
welding conditions and the optimal welding speed is 
determined by the allowable range of the welding cur- 
rent and/or the allowable range of the heat input, a high 
welded quality can be obtained. 

An embodiment of the fifth solving means in 
accordance with the invention will be described below 
with reference to the drawing. 

Fig. 16 shows a schematic view of this embodi- 
ment. 

Reference numeral 51 denotes a welded result dis- 
playing portion for displaying a bead shape and a pene- 
tration shape, reference numeral 52 denotes a welding 



15 



20 



25 



30 



35 



40 



45 



50 



11 

BNSPOC<P:<EP 0865858A1 t > 



21 



EP 0 865 858 A1 



22 



condition displaying portion for displaying a welding 
speed, a welding current, a welding voltage or the like, 
reference numeral 53 denotes a welded result adjusting 
portion for adjusting a bead width, a reinforcement and 
a penetration depth and reference numeral 54 denotes 
a computing portion for estimating a welding condition 
on the basis of the parameter set by the welded result 
adjusting portion. 

The welded result displaying portion 51 and the 
welding condition displaying portion 52 are constituted, 
for example, on one computer screen, and are a dis- 
played as shown in Fig. 17. 

A window portion 61 in Fig. 17 corresponds to the 
welded result displaying portion 51 on which, for exam- 
ple, cross sectional shapes of a base metal A and a 
base metal B, a bead shape and a welding torch are 
graphically displayed. 

Now, a welded result to be obtained can be set on 
the screen within a predetermined range by utilizing a 
bead width adjusting portion 66, reinforcement adjust- 
ing portion 67 and a penetration depth adjusting portion 
68. That is, it is adapted in such a manner that the bead 
shape in the window portion 61 is changed in accord- 
ance with motions of scroll bars. At that time, a welding 
speed displaying portion 62, a welding current display- 
ing portion 63, a welding voltage displaying portion 64 
and a voltage instruction value displaying portion 65 are 
adapted so as to be simultaneously changed by an 
operation of the computing portion 54, so that a numer- 
ical value can be automatically determined. In this 
embodiment, each of the displaying portions 62 to 65 is 
displayed as a figure similar to a meter. Further, there is 
a case that an angle of the welding torch displayed in 
the window portion 61 or the like is changed. 

For example, as shown in Fig. 18, when an indica- 
tor is moved to a direction of "deep" using an arrow but- 
ton in the penetration depth adjusting portion (a scroll 
bar) 68 ((A) (B)), each of the welding conditions (a 
displayed value in each of the meters) is changed in 
accordance with the amount of that movement. 

Fig. 19 is an example of a flow chart of a method of 
setting a welding condition by adjusting a bead shape 
among the processing flows in the computing portion 
54, and here is utilized the fact that when a welding cur- 
rent is high the bead width increases. 

An explanation will be given below in the order of 
the steps. 

In Step 101, a previously set welding current exists. 

In Step 102, to increase a bead width, the flow goes 
to Step 103 and, otherwise, the flow goes to Step 104. 

In Step 103, since on increased welding current 
increases bead width, the welding current is increased. 

In Step 104, if a narrow a bead width is desired, the 
flow goes to Step 105 and, otherwise, the flow goes to 
Step 106. 

In Step 105, since a reduced welding current nar- 
rows the bead width, the welding current is reduced. 
As mentioned above, according to this embodi- 



ment, since the welded condition is automatically 
adjusted by adjusting a welding result, welding condi- 
tions can be simply adjusted, and further the welded 
result can be intuitively recognized by using an image, 

5 so that even a beginner having little knowledge of weld- 
ing can adjust the welding conditions to satisfy the 
required quality of the welding object. 

An embodiment of the sixth solving means in 
accordance with the invention will be described below 

10 with reference to the drawing. 

Fig. 20 shows a displaying portion in this embodi- 
ment. In Fig. 20, reference numeral 71 denotes a weld- 
ing state displaying portion, reference numeral 72 
denotes a voltage meter, reference numeral 73 denotes 

15 a molten wire amount meter, reference numeral 74 
denotes a deposited amount meter to a base metal in 
which a deposited amount is changed to an arrow direc- 
tion. In this embodiment, an explanation is made by 
using an analogue type meter, but a digital display or a 

20 graphic may be used. 

Fig. 21 is a block diagram of a display apparatus. 
Reference numeral 81 denotes an inputting portion for 
inputting a wire diameter, a wire extension and a weld- 
ing current, reference numeral 82 denotes a temporarily 

25 storing portion for temporarily storing an information in 
the inputting portion 81 , reference numeral 83 denotes 
a fixed parameter storing portion for storing a relational 
expression between a molten welding wire amount or a 
deposited amount and a welding current, a wire diame- 

30 ter and a protruded wire length and storing a coefficient, 
reference numeral 84 denotes a computing portion for 
computing a molten welding wire amount or a deposited 
amount to a base metal on the basis of the information 
in the temporarily storing portion 82 and the fixed 

35 parameter storing portion 83, and reference numeral 85 
denotes an information converting portion for converting 
the information computed by the computing portion 84 
into information which can be displayed on a displaying 
portion 86. 

40 Fig. 22 is a flow chart of a method of displaying a 
welding state in this embodiment, and here, an explana- 
tion will be made for every step by exemplifying setting 
of a molten wire amount. 

In Step 1 1 1 , a wire diameter d and a protruded wire 
45 length 1 are set. 

In Step 1 12, a welding current I is set. 
In Step 1 13, a molten wire amount v m is calculated 
in accordance with the following expression. 

so v m = al/S E +bl(l/S G ) 2 

(In which S E is a wire cross sectional area 
(S E = rc(d/2) 2 ) and each of a and b is a coefficient.) 
This is only an example, and a deposited bead 
55 cross sectional area S B may be calculated by the follow- 
ing calculating expression in place of the molten wire 
amount. 



12 

<EP 0865858A1_I_> 



23 



EP 0 865 858 A1 



24 



S B = k(S E -v m )/v TS 

(In which v TS is a welding speed (additionally set 
in the Step 1 1 1 or the Step 1 1 2) and k is a coefficient.) 

In Step 1 1 4, a molten wire amount calculated in the 
Step 1 13 is set and displayed. 

In Step 115, when the welding is completed, the 
flow is completed, and when the welding is not com- 
pleted, the flow is returned to the Step 111, and then the 
Step 1 1 1 to the Step 1 1 5 are repeated. 

As mentioned above, according to this embodi- 
ment, since the molten wire amount or the deposited 
amount is displayed to indicate the welding state in 
place of the welding current, the operator can easily 
obtain a size of bead irrespective of the operator's expe- 
rience in arc welding, so that there is an advantage in 
that the desired welding bead can be easily obtained. 

Industrial Applicability 

The invention can be used in the field of automatic 
welding. 

Claims 

1. An apparatus for automatically setting a welding 
condition comprising: 

a welding information recording portion for 
recording welding operation information con- 
cerning such as welding machine related infor- 
mation used in an arc welding, shielding gas 
related information, welding wire related infor- 
mation or the like; 

welding information inputting and outputting 
means for inputting and outputting said welding 
operation information; 

welding operation information setting means 
for setting said welding operation information; 
retrieval means for retrieving corresponding 
information from among the information in said 
welding information recording portion on the 
basis of set information; and 
information controlling means for instructing a 
retrieval demand to the retrieval means when 
retrieving the information in said welding infor- 
mation recording portion and outputting weld- 
ing information. 

2. An apparatus for automatically setting a welding 
condition as cited in Claim 1 , wherein said welding 
information recording portion is provided with 
means for storing individual datum such as a rule 
and/or order and combination capable of welding 
with respect to a required matter, a material, an 
apparatus or the like and range information such as 
kind, capacity or the like in such a manner that it is 
possible to change/add them. 



w 4. 



15 



20 



25 6. 



30 



35 



40 



45 



50 



55 



An apparatus for automatically setting a welding 
condition as cited in Claim 1 , wherein said welding 
information inputting and outputting means inputs 
welding information by selecting or writing by using 
at least one of a picture, a numerical value, a letter 
and a color and outputs a result by using at least 
one of a picture, a numerical value, a letter and a 
color. 

An apparatus for automatically setting a welding 
condition as cited in Claim 1 , wherein said welding 
operation information setting means sets from a 
previously stored welding operation information by 
using said welding information inputting and output- 
ting means in accordance with a welding operation 
condition setting order and/or rule and the like. 

An apparatus for automatically setting a welding 
condition as cited in Claim 1 , wherein said retrieval 
means selects information coinciding with the infor- 
mation set by said welding operation information 
setting means from said welding information 
recording portion. 

An apparatus for automatically setting a welding 
condition as cited in Claim 1 , wherein said informa- 
tion controlling means instructs a demand for 
retrieving to said retrieval means, outputs the 
retrieved information to the welding operation infor- 
mation setting means and records the information 
changed/added by the welding information input- 
ting and outputting means into the welding informa- 
tion recording portion through said retrieving 
means. 

An apparatus for automatically setting a welding 
condition comprising: 

a welding information recording portion for 
recording welding operation information such 
as a welding machine used for welding in auto- 
mating arc welding or the like, welding object 
information which shows what the object to be 
welded is, a welding condition to be set when 
welding with respect to said welding operation 
information and said welding object informa- 
tion, and a welded result when a welding is per- 
formed by said welding condition, as a series of 
information; 

welding information inputting and outputting 
means for inputting and outputting said welding 
operation information, said welding object infor- 
mation, said welding condition and said welded 
result; 

welding operation information setting means 
for setting said welding operation information; 
welding object information setting means for 
setting said welding object information; 
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retrieval means for retrieving corresponding 
information from among the information in said 
welding information recording portion on the 
basis of set information; 

result outputting means for outputting the weld- 5 
ing information from said welding information 
recording portion; 

information controlling means for instructing a 
retrieval demand to the retrieval means when 
retrieving the information in said welding infor- 10 
mation recording portion and outputting weld- 
ing information; 

instruction information converting means for 
converting the welding information outputted 
by said result outputting means into instruction 15 
information for a robot and/or a welding 
machine; 

welding information changing means for per- 
forming a welding on the basis of welding infor- 
mation converted into the instruction 20 
information for said robot and/or the welding 
machine, automatically or manually changing 
the welding information when the result does 
not satisfy a welded quality judging criterion 
and changing the welding information until the 25 
welded result becomes satisfactory; and 
recording and storing means for recording and 
storing only changed welding information 
among the welding information in which the 
welded result is satisfactory into said welding 30 
information recording portion. 

8. An apparatus for automatically setting a welding 
condition as cited in Claim 7, wherein individual 
datum, range information and welding rule informa- 35 
tion are provided in said welding information 
recording portion, and the welding information is 
classified by static welding means which will be 
only minimally changed in the future such as a 
welding method and a kind of a wire such as a solid 40 
wire, a flux wire or the like. 

9. An apparatus for automatically setting a welding 
condition as cited in Claim 7, wherein said welding 
information inputting and outputting means inputs 45 
welding information by selecting or writing by using 

at least one of a picture, a numerical value, a letter 
and a color and outputs a result by using at least 
one of a picture, a numerical value, a letter and a 
color. so 

10. An apparatus for automatically setting a welding 
condition as cited in Claim 7, wherein said welding 
operation information setting means sets from pre- 
viously stored welding operation information by 55 
using said welding information inputting and output- 
ting means in accordance with a welding operation 
condition setting order and/or rule. 



11. An apparatus for automatically setting a welding 
condition as cited in Claim 7, wherein said welding 
object information setting means sets information 
concerning the welding object by using a previously 
recorded welding object information and/or directly 
inputting by using said welding information inputting 
and outputting means. 

12. An apparatus for automatically setting a welding 
condition as cited in Claim 7, wherein said retriev- 
ing means selects information coinciding with 
and/or similar to the information set by said welding 
information inputting and outputting means from 
said welding information recording portion. 

13. An apparatus for automatically setting a welding 
condition as cited in Claim 7, wherein said result 
outputting means outputs information obtained by 
said retrieval means by using at least one of a pic- 
ture, a numerical value, a letter, a color, a voltage 
and a current. 

14. An apparatus for automatically setting a welding 
condition as cited in Claim 7, wherein said informa- 
tion controlling means instructs a demand for 
retrieving an information to said retrieval means, 
outputs the retrieved information to the welding 
operation information setting means when setting 
welding process information and to the welding 
object information setting means when setting 
welding object information, and outputs the welding 
condition retrieved result to the result outputting 
means and, if the welding operation information 
and the welding object information are 
changed/added by the welding information input- 
ting and outputting means, records the welding 
condition retrieved result into the welding informa- 
tion recording portion and the welding object infor- 
mation portion through said retrieval means. 

15. An apparatus for automatically setting a welding 
condition as cited in Claim 7, wherein said instruc- 
tion information converting means coverts the weld- 
ing information outputted by said result outputting 
means into instruction information transmitting 
means for a robot and/or a welding machine such 
as a voltage, a current, a light or the like. 

16. An apparatus for automatically setting a welding 
condition comprising: 

a welding information recording portion for 
recording a welding operation information such 
as a welding machine used for in automating 
arc welding or the like, welding object informa- 
tion which shows what the object to be welded 
is, a welding condition to be set when welding 
with respect to said welding operation informa- 
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ton and said welding object information, and a 
welded result when a welding is performed by 
said welding condition, as a series of informa- 
tion; 

welding information inputting and outputting 
means for inputting and outputting said welding 
operation information, said welding object infor- 
mation, said welding condition and said welded 
result; 

welding operation information setting means 
for setting said welding operation information; 
welding object information setting means for 
setting said welding object information; 
retrieval means for retrieving corresponding 
information from among the information in said 
welding information recording portion on the 
basis of a set information; 
welding information calculation means consti- 
tuted on the basis of an experimental expres- 
sion in the case that the corresponding 
information is not present in said welding infor- 
mation recording portion; 
a welding information calculation processing 
portion for calculating the welding information 
by using said welding information calculation 
means; 

result outputting means for outputting the weld- 
ing information from said welding information 
recording portion or said welding information 
calculation processing portion; 
information controlling means for instructing a 
retrieval demand to the retrieving means when 
retrieving information in said welding informa- 
tion recording portion and, if the welding infor- 
mation is not present in the welding information 
recording portion, judging that the welding 
information is absent, thereby instructing a cal- 
culation demand to the welding information cal- 
culation processing portion and outputting 
welding information; 

instruction information converting means for 
converting the welding information outputted 
by said result outputting means into instruction 
information for a robot and/or a welding 
machine; 

welding information changing means for per- 
forming a welding on the basis of welding infor- 
mation converted into instruction information 
for said robot and/or welding machine, auto- 
matically or manually changing the welding 
information when the result does not satisfy a 
welded quality judging criterion and changing a 
welding information until the welded result 
becomes satisfactory; and 
recording and storing means for recording and 
storing only changed welding information 
among the welding information in which the 
welded result is satisfactory into said welding 



information recording portion. 

17. An apparatus for automatically setting a welding 
condition as cited in Claim 16, wherein individual 

5 information, range information and welding rule 

information are provided in said welding information 
recording portion, and the welding information is 
dassif ied by static welding means which will be little 
changed in the future, such as a welding method 

10 and kind of a wire such as a solid wire, a flux wire or 
the like. 

18. An apparatus for automatically setting a welding 
condition as cited in Claim 16, wherein said welding 

15 information inputting and outputting means inputs 
welding information by selecting or writing by using 
at least one of a picture, a numerical value, a letter 
and a color and outputs a result by using at least 
one of a picture, a numerical value, a letter and a 

20 color. 

19. An apparatus for automatically setting a welding 
condition as cited in Claim 16, wherein said welding 
operation information setting means sets from a 

25 previously stored welding operation information by 
using said welding information inputting and output- 
ting means in accordance with a welding operation 
condition setting order and/or rule. 

30 20. An apparatus for automatically setting a welding 
condition as cited in Claim 16, wherein said welding 
object information setting means sets information 
concerning the welding object by previously 
recorded welding object information and/or directly 

35 inputting by using said welding information inputting 
and outputting means. 

21. An apparatus for automatically setting a welding 
condition as cited in Claim 16, wherein said 
40 retrieval means selects information coinciding with 
the information set by said welding information 
inputting and outputting means from said welding 
information recording portion. 

45 22. An apparatus for automatically setting a welding 
condition as cited in Claim 16, wherein said welding 
information calculation means corrects an influence 
due to a welding condition on the basis of experi- 
mental data previously stored, on the basis of a bal- 

so ance between a thrown metal amount from a 
welding wire and a deposited metal amount to a 
base metal, and calculates a welding condition, an 
expected result or the like. 

55 23. An apparatus for automatically setting a welding 
condition as cited in Claim 16, wherein said result 
outputting means outputs information obtained by 
said retrieval means and said welding information 
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calculation means by using at least one of a picture, 
a numerical value, a letter, a color, a voltage and a 
current. 

24. An apparatus for automatically setting a welding 
condition as cited in Claim 16, wherein said infor- 
mation controlling means instructs a demand for 
retrieving information to said retrieval means, if the 
corresponding information is not present, judges 
that the corresponding information is not present 
from said retrieval means so as to output a calcula- 
tion instruction to said welding information calcula- 
tion portion, outputs the retrieved information to the 
welding operation information setting means when 
setting welding process information and to the 
welding object information setting means when set- 
ting welding object information and outputs the 
welding condition retrieved or calculated result to 
the result outputting means and, if that the welding 
operation information and the welding object infor- 
mation are changed/added by the welding informa- 
tion inputting and outputting means, records the 
welding condition retrieved or calculated result into 
the welding information recording portion and the 
welding object information portion through said 
retrieving means. 

25. An apparatus for automatically setting a welding 
condition as cited in Claim 16, wherein said instruc- 
tion information converting means coverts the weld- 
ing information outputted by said result outputting 
means into instruction information transmitting 
means for a robot and/or a welding machine such 
as a voltage, a current, a light or the like. 

26. An apparatus for automatically setting a welding 
condition as cited in Claim 7 or claim 16, wherein 
said welding information inputting and outputting 
means includes at least three modes comprising a 
full automatic mode, a speed setting mode and a 
detail setting mode as modes of setting a welding 
information. 

27. An apparatus for automatically setting a welding 
condition as cited in Claim 26, wherein the full auto- 
matic mode is adapted so as to add thickness and 
a joint shape which is recorded in the wefding infor- 
mation recording portion and a welding speed pre- 
viously set in the welding rule information of the 
welding speed as information to be retrieved. 

28. An apparatus for automatically setting a welding 
condition as cited in Claim 26, wherein the speed 
setting mode is adapted so as to optionally set the 
welding speed by an absolute value or a range in 
the welding information inputting and outputting 
means. 



29. An apparatus for automatically setting a welding 
condition as cited in Claim 26, wherein the detail 
setting mode is adapted so as to optionally set all 
the information recorded in the welding information 

5 recording portion by the welding information input- 

ting and outputting means. 

30. A method of setting a welding condition by calculat- 
ing the welding condition in an arc welding compris- 

w ing the steps of setting a welding machine 
characteristic parameter and/or a welding machine 
characteristic expression, setting a welding cross 
sectional area, setting a correction value deter- 
mined by each of the elements in a welding, setting 

is a thrown metal amount from a part of the welding 
elements and said welding machine characteristic 
parameter and/or the welding machine characteris- 
tic expression, setting a deposited metal amount 
from some the welding elements, and calculating a 

20 welding condition by means of supposing that a 
value obtained by multiplying said deposited metal 
amount by said correction value and said thrown 
metal amount have a relation of an equality. 

25 31. A method of setting a welding condition as cited in 
Claim 30, wherein a welding speed is adjusted in 
such a manner that the obtained welding condition 
becomes within an allowable range of the welding 
current or/and an allowable range of the heat input 

30 

32. Amethod of setting a welding condition as cited in 
Claim 31 , wherein said welding machine character- 
istic parameter and/or the welding machine charac- 
teristic expression are/is set by supposing that the 

35 relation among the wefding current, the welding 
wire melting speed and the welding voltage is the 
parameter and/or the characteristic expression. 

33. A method of setting a welding condition as cited in 
40 Claim 30, wherein said welding cross sectional 

area is determined by a welding element such as a 
joint shape, a thickness of a base metal or the like. 

34. A method of setting a welding condition as cited in 
45 Claim 30, wherein said correction value is deter- 
mined by a welding element such as a joint shape, 
a thickness of a base metal, a material of a base 
metal, an attitude of a work, a gap amount of a 
work, a material of a welding wire or the like and a 

so welding demand element such as a bead width, a 
penetration depth, an amount of an excess weld 
metal, a leg length or the like. 

35. A method of setting a welding condition as cited in 
55 Claim 31, wherein said thrown metal amount is 

determined by said welding current, a welding wire 
melting speed, a diameter of a welding wire or the 
like. 
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36. A method of setting a welding condition as cited in 
Claim 31, wherein said deposited metal amount is 
determined by said welding cross sectional area 
and the welding speed. 

37. An apparatus for adjusting a welding condition com- 
prising: 

a welded result displaying portion for graphi- 
cally displaying a bead shape or a penetration 
shape which is to be generated as a welded 
result; 

a welded result adjusting portion for setting 
said bead shape or the penetration shape by a 
predetermined parameter; 
a computing portion for estimating a welding 
condition on the basis of the parameter set by 
said welded result adjusting portion; and 
a welding condition displaying portion for dis- 
playing a welding condition estimated by said 
computing portion. 

38. An apparatus for adjusting a welding condition as 
cited in Claim 37, wherein said parameter includes 
at least one of a size, a leg length, a bead width, 
reinforcement, a penetration depth or a throat thick- 
ness. 

39. An apparatus for adjusting a welding condition as 
cited in Claim 37, wherein said welding condition 
includes at least one of a welding current, a welding 
voltage, a welding speed, a target position of a 
welding torch or a target angle of a welding torch. 

40. An apparatus for adjusting a welding condition com- 
prising: 

a welded result displaying portion for graphi- 
cally displaying a bead shape or a penetration 
shape which is to be generated as a welding 
result; 

a welded result adjusting portion for setting 
said bead shape or the penetration shape by a 
predetermined parameter; 
a computing portion for estimating a welding 
condition on the basis of the parameter set by 
said welded result adjusting portion; and 
a welding condition displaying portion for dis- 
playing a welding condition estimated by said 
computing portion. 

41 . An apparatus for adjusting a welding condition as 
cited in Claim 37, wherein said parameter includes 
at least one of asize, a leg length, a bead width, 
reinforcement, a penetration depth or a throat. 

42. An apparatus for adjusting a welding condition as 
recited in claim 37, wherein said welding condition 



includes at least one of a welding current, a welding 
voltage, a welding speed, a target position of a 
welding torch or a target angle of a welding torch. 

5 43. A method of displaying a welding state, wherein in 
a consumable electrode arc welding in a welding 
state is displayed as a molten amount of welding 
wire or a deposited amount to a base metal. 

10 44. A method of displaying a welding state as cited in 
Claim 43, wherein an analogue/digital meter or a 
graphic is used in a displaying portion for displaying 
said molten welding wire amount or said deposited 
amount. 

15 

45. A method of displaying a welding state as cited in 
Claim 44, wherein a fixed parameter storing portion 
for storing a plurality of predetermined fixed param- 
eters for determining laid molten welding wire 

20 amount or said deposited amount, an inputting por- 
tion for inputting a plurality of variable parameters 
set when welding, a temporary storing portion for 
temporarily storing said inputted variable parame- 
ter, a computing portion for computing a molten 

25 welding wire amount or a deposited amount to the 
base metal on the basis of the information of said 
fixed parameter storing portion and said temporary 
storing portion, an information converting portion 
for converting the information computed by said 

30 computing portion and the converted information 
are displayed on said displaying portion. 

46. A method of displaying a welding state as cited in 
Claim 45. wherein said fixed parameter storing por- 

35 tion stores a relational expression for determining a 
molten welding wire amount or a deposited amount 
to a base metal and coefficients of said relational 
expression. 

40 47. A method of displaying a welding state as cited in 
Claim 44. wherein said inputting portion is consti- 
tuted by at least one of a switch, a numeric value, 
an electric/electronic signal, a graphical user inter- 
face (GUI). 

45 

48. A method of displaying a welding state as cited in 
Claim 45, wherein said inputting portion inputs only 
a welding current or at least one of a wire diameter, 
a wire extension and a welding speed, and a weld- 
so ing current. 

49. A method of displaying a welding state as cited in 
Claim 45, wherein said computing portion com- 
putes by substituting the coefficients of said stored 

55 relational expression and the information stored in 
said temporarily storing portion for the relational 
expression determining the molten welding wire 
amount or the deposited amount, which is stored in 
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said fixed parameter storing portion. 

50. A method of displaying a welding state as cited in 
Claim 45, wherein said information converting por- 
tion converts the information computed by said 5 
computing portion into a numerical value and an 
electric/electronic signal. 
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